9. Buresi, A., Andouche, A., Navet, S., Bassaglia, Y., Bonnaud-Ponticelli, L., and Baratte, S. structure of the landscape, and generation of an internal image of Lake Constance and the Swiss Alps in the background. This projection is retinotopic: objects close to each other in the real world are represented close to each other in the brain. Similarly, when somebody touches your hand, a tactile sensation is projected onto the somatosensory cortex, faithfully representing the original location of the stimulus on the body. This internal representation creates a distortedbut to a large degree topologically accurate -inner representation of the outer body surface: our sensory homunculus ( Figure 1 ). While we understand the spatial nature of visual or tactile stimuli, it is unclear whether olfaction also conveys spatial information, and whether the brain creates an 'olfactory homunculus'. A recent study in Current Biology by Hiroshi Nishino and colleagues [1] shows that in the cockroach brain the position where an odor was perceived on the antenna can be spatially encoded. The authors report that the spatial information of an odorant is maintained within the primary and secondary olfactory areas of the brain -the antennal lobes and the mushroom bodies, respectively -showing, for the first time, the existence of a spatial representation of the olfactory space in an animal brain.
To acquire spatial information about an olfactory cue, animals rely on sequential sampling of the surrounding environment, using active sensing and their working memory to compare subsequent inspections [2, 3] . Humans are no different: when tracking a trail of chocolate odor, they behave just like a dog following a pheasant's trail [4] . Bilateral organs can also be used to compare differences in odor intensity or timing between the left and right side, and to localize odorant sources [5] [6] [7] . In insects, multiple sensory neurons expressing the same olfactory receptor gene are distributed along the antenna, each sampling an odor plume at a specific location only. However, all receptor neurons of the same type converge onto the same antennal lobe glomerulus, and so far, it was thought that spatial information linked to their location on the antenna was therefore lost [8] . To investigate if this information may be conserved within the olfactory circuit, Nishino and colleagues [1] investigate odor perception in the nocturnal cockroach Periplaneta americana, which is equipped with exceptionally long olfactory organs, and exhibits a great capability for female pheromone localization even in the absence of visual cues, or upon removal of one antenna [9, 10] .
By focusing on the male macroglomerulus -a large structure in the antennal lobe dedicated to receiving and relaying female sexual pheromonerelated information -Nishino and colleagues [1] found that the olfactory sensory neurons innervate the macroglomerulus preserving an antennotopic distribution, i.e. neurons from the distal part of the antenna innervate the medial part of the macroglomerulus, whereas neurons from the more proximal part of the antenna innervate the more lateral portion. This strengthens previous observations [11, 12] , confirming the hypothesis that the spatial information concealed in the location of pheromone receptors on the antenna is not lost by the convergence of sensory neurons onto the same structure, but it is in fact maintained by a layered innervation of the macroglomerulus. The functional significance of this 'olfactory
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Current Biology Figure 1 . Small-receptive field projection neurons allow antennotopic representation of the olfactory stimulus.
Left: the location of a tactile stimulus on the body is represented in the somatosensory cortex by inducing activity in a precise cortical area. Right: the position of a plume of female pheromone is received by olfactory sensory neurons on the cockroach antenna. Distal sensory neurons project to the most medial portion of the macroglomerulus, triggering the activity of certain projection neurons (e.g. S7). Similarly, proximal sensory neurons project to a most lateral subcompartment of the macroglomerulus, stimulating a different subset of projection neurons (e.g. S1). The existence of projection neurons with subglomerular dendritic compartmentalization allows preservation of the spatial information of an olfactory stimulus. The 3D reconstruction of projection neuron morphology was kindly provided by Hiroshi Nishino. homunculus' is shown by the fact that this spatial logic is kept in a highly specialized set of projection neurons. Each projection neuron innervates a specific sub-compartment of the macroglomerulus, thus receiving sensory inputs from a specific portion of the antenna only, and conveying the spatial information to their target areas in the mushroom bodies. The authors named these neurons 'small-receptive field projection neurons', because they selectively respond to the stimulation of a specific part of the antenna. In addition, when the antenna was stimulated in a region outside of their receptive field, these neurons were inhibited, indicating the existence of a neural network for contrast enhancement. Hence, this group of highly specialized output neurons provides the means to relay spatial information from the antenna to higher-order brain centers. To further investigate if this information was preserved in higher order brain areas, the authors followed these neurons down to their pre-synaptic terminals. Morphological analyses showed that each projection neuron type innervates a different compartment of the mushroom bodies, where they are likely to interact with specific subsets of mushroom body output neurons. This observation is quite remarkable, as it demonstrates that the spatial information generated on the antenna is maintained in the macroglomerulus, and conveyed to the mushroom body, a putative center for spatial memory formation. Collectively, the study of Nishino and colleagues [1] provides solid experimental support to the idea that a specialized sub-system of the olfactory circuit can encode the spatial location of a volatile molecule, and that such information is conveyed to a specific sub-population of the mushroom body neurons. In this sense, it lays the foundations for understanding how the three-dimensional arrangement of an odorant in space may be perceived by an animal. In particular, the authors focused their attention on a molecule with a critical valence for the cockroach: a major component of the female sexual pheromone. The olfactory information regarding this molecule is processed in a particular compartment of the antennal lobe (the insect analogoue of the mammalian olfactory bulb), and the efficiency of this detection machinery is likely to have been optimized by a strong evolutionary pressure. Could a similar mechanism work for the spatial perception of common odorants? In cockroaches, common odorants are relayed by olfactory sensory neurons to about 200 glomeruli. Spatial information may be lost in light of the fact that each one of them is innervated by only one uniglomerular projection neuron. Might other components of the local antennal lobe circuit -e.g. multiglomerular projection neurons or local interneurons -deliver spatial information to higher order brain areas? This remains to be tested, and would be a fascinating follow up to the work of Nishino and colleagues [1] .
How active sensing may participate in generating a neural representation of the olfactory space remains to be elucidated. Just as we build an internal image of our visual environment by assembling sequential images from our constantly moving eyes, cockroaches are likely to create a three-dimensional representation of their olfactory surroundings based on the spatial information obtained along the full length of their actively moving antennae. Although we still have no clear view of how an animal can internally build a representation of the surrounding olfactory landscape, this study [1] represents a major advancement in our understanding of olfactory space coding, by describing the first neural architecture capable of encoding the spatial location of a volatile molecule.
